ABSTRACT. Hyperlipemia in horses is a disorder of lipid metabolism peculiar to ponies. This study reports changes of blood biochemical values from the acute to the postconvalescent phases in 3 Shetland ponies with hyperlipemia in Japan. Diseased ponies (all 7 to 9 years old, in late pregnancy, and obese) were fed in the same farm. The periods of their hospitalizations ranged from 30 to 45 days. Twelve well-conditioned ponies (3 to 13 years old) around parturition were used to establish baseline values for blood test results. Main clinical findings in the affected ponies were depression, dysphagia, anorexia, ventral edema and milky-appearing plasma. Hypertriglyceridemia (40-to 70-fold rise of controls) was found in the acute phase of the disease in the affected ponies, and was derived from increased verylow density lipoproteins. Aspartate transaminase and γ-glutamyl transpeptidase activities, blood urea nitrogen, and creatinin concentrations were increased in acute ponies compared to controls, suggesting impairment of liver and kidney functions. However, these values gradually recovered until the end of postconvalescent phase. Hyperinsulinemia was observed in the acute phase of the hyperlipemia of all affected ponies. And an exaggerated insulin response to intravenous glucose was observed in the 2 ponies given intravenous glucose tolerance tests. These findings suggest decreased insulin sensitivity in hyperlipemic ponies. KEY WORDS: hyperlipemia, hypertriglyceridemia, insulin sensitivity, pony.
Hyperlipemia in horses is an impairment of lipid metabolism characteristic of pony breeds [8, 15] and donkeys [4] . Shetlands are the most susceptible of the pony breeds [8] . Hyperlipemia has been associated with obesity, starvation, pregnancy, parasitism, lactation, transportation, and a combination of these factors [8, 12] . It occurs most commonly in late gestation or early lactation, corresponding to periods of susceptibility to negative energy balance [8, 17] . Clinical signs of hyperlipemia include depression, dysphagia, anorexia, milk-appearing plasma, and ventral edema [6, 8] . Hypertriglyceridemia is the most peculiar finding in blood biochemical values of diseased ponies [1, 8, 11, 16, 18] . The high mortality rate in hyperlipemic ponies is due to extreme fatty infiltration of body tissues leading to major organ failure [8, 16, 18] . As noted above, the pathogenesis at the point of outbreak has been reported. However, it is not known how blood biochemical profiles are recovered in the hyperlipemic pony. It has also been reported that decreased insulin sensitivity is associated with hyperlipemic pathogenesis [8] . However, the precise biochemical etiology that leads to this is unclear.
We came across 3 ponies with hyperlipemia at the Rakuno Gakuen Teaching Hospital in Rakuno Gakuen University. They all recovered and provided us with valuable data related to the evaluation of the pathogenesis. The purposes of this study are to report clinical and blood biochemical profiles followed up in the recovery process of hyperlipemic ponies for the first time in Japan, by use of the glucose tolerance test, to examine the hypothesis that the diseased pony has an abnormality of insulin sensitivity. (Fig. 1) . The recovery period for the 3 affected ponies was classified into 3 phases based on clinical findings (Fig. 2) . During the acute phase, all 5 clinical signs mentioned above were present. In the convalescent phase, the appearance of the plasma was normal and other findings were improving. In the postconvalescent phase, all clinical signs disappeared and the ponies had a good appetite. As the main treatment for the affected ponies, an intravenous drip injection of glucose (25 ~ 40% solution) and vitamin B 1 was performed all day long during the acute to convalescent phases. During the acute phase only, insulin was added to the solution to reduce lipid mobilization from adipose tissue and heparin was also subcutaneously administrated to accelerate removal of triglycerides (TG) from blood [8] . The clinical condition of pony No. 1 recovered dramatically after normal parturition on day 11. Other 2 ponies did not delivery during hospitalization. Control ponies were evaluated to establish baseline values for blood test results. They were twelve well-conditioned ponies (3 to 13 years old, late gestation to early lactation) from farms near the university and included the farm where the diseased ponies were raised. All animals were handled under the Laboratory Animal Control Guidelines of Rakuno Gakuen Blood sampling: All blood samples were collected from jugular vein prior to feeding in the morning. Separated plasma specimens were stored at -40°C until assays. How- ever, samples for electrophoresis of lipoproteins were kept at 4°C. Samples taken with tube containing NaF were stored at 4°C and were used for glucose assay.
MATERIALS AND METHODS

Animals
Polyacrylamide gel electrophoresis for plasma lipoproteins: Plasma samples were electrophoresed using of a commercial kit (Joko, Tokyo, Japan). Relative concentrations of lipoproteins (very low-density lipoprotein, VLDL; intermediate-density lipoprotein, IDL; low-density lipoprotein, LDL; high-density lipoprotein, HDL) were calculated by densitmetric assay (Densitron 20HR, Joko, Tokyo).
Intravenous glucose tolerance test (IGTT):
In No. 2 and No. 3 ponies, IGTT was carried out before morning feeding on day 3 (acute phase) and on day 43 (postconvalescent phase). Two cathethers (14G, Togomedikit, Tokyo, Japan) with an extension tubes were inserted into both jugular veins of each pony on the day before. Glucose was infused intravenously (0.4 g/kg of BW) over 5 min. Blood samples were taken through the opposite jugular cathether at -30 min and 0 min (immediately before infusion), and 5, 30, 60, 120, 240 and 360 min after glucose infusion. The 360-min sampling was carried out in only postconvalescent phase. Samples were analyzed for glucose and insulin concentrations.
Other methods: Plasma concentrations of TG, non-esterified fatty acids (NEFA), total cholesterol (TC), free cholesterol (FC), urea nitrogen (UN), creatinin (Cre) and insulin and activities of aspartate transaminase (AST) and γ-glutamyl transpeptidase (γ-GTP) were determined in Kishimoto Clinical Laboratory, Sapporo, Japan. Plasma cholesterol ester (CE) concentration was calculated by subtracting the concentration of FC from that of TC. Plasma glucose concentration was measured by a commercial kit (Wako Pure Chemical, Osaka, Japan).
RESULTS
Plasma lipids and biochemical values related to liver and kidney functions:
Changes of plasma lipids and chemical variables in hyperlipemic ponies are shown in Figs. 3 and 4. Plasma TG concentration in the affected ponies during the acute phase was 40-to 70-fold higher than controls (Table  1) , and returned to baseline values by about day 15 (Fig.  3A) . Plasma NEFA concentration was increased in acute phase, and returned to baseline concentrations by about day 25 (Fig. 3B) . Plasma TC concentrations in acute phase were 2 to 2.5 times higher than controls, but recovered by the end of the convalescent phase (Fig. 3C) . CE/TC in the acute phase was obviously reduced compared to controls, but recovered in post convalescent phase (Fig. 3D) . AST activities of ponies No.2 and No.3 in the acute phase were 3-and 10-fold higher than controls respectively, and returned to baseline values by the end of the convalescent phase (Fig.  4A) . Pony No.3 did not exhibit increased AST activity. Plasma γ-GTP activity in pony No.2 increased markedly during the convalescent phase, and then declined gradually (but not to baseline of control ponies) until it left the hospital (Fig. 4B) . The other 2 ponies did not have remarkably increased plasma γ-GTP activities in any phase. Plasma Fig. 6 . Plasma glucose concentration of both ponies reached maximum immediately after the 5-min infusion of glucose and decreased gradually afterwards (Fig. 6A) . The changes in ponies No. 2 and No. 3 were similar in the acute and postconvalescent phases, although the peak value for pony No. 2 was somewhat higher on day 3 than on day 43. The half times for glucose disappearance in pony No. 2 were almost identical in both phases (30 min), but for pony No. 3 was shorter on day 43 (33 min) than on day 3 (42 min). Conversely plasma insulin concentrations for both ponies were very different on day 3 and 43. Pre-insulin concentrations in the acute phase were 6-to 7-fold higher than in the postconvalescent phase. During IGTT, plasma insulin concentrations were markedly higher in the acute phase than in the postconvalescent phase.
Plasma glucose and insulin concentrations during hospitalization: Plasma glucose concentrations in diseased ponies were maintained approximately 100 mg/dl with a long-term drip of glucose solution until convalescent phase. After the end of the treatment, the values became similar to controls (data not shown). Plasma insulin concentrations in ponies No. 1, No. 2 and No. 3 in the acute phase were approximately 4-to 9-fold rises comparing with controls, but recovered in the postconvalescent phase.
DISCUSSION
The most characteristic change in the blood of ponies with hyperlipemia is increased plasma TG. Considerable severe clinical signs are associated with TG concentration exceeding 500 mg/dl [8, 18] . Two of these affected ponies in this report exceeded this threshold. By electrophoresis of lipoproteins, hyper-very low-density lipoproteinemia was indicated in all hyperlipemic ponies, which suggested that hypertriglyceridemia was derived from VLDL [1, 8, 11, 19] . Increased VLDL is thought to be attributable to a large quantity of NEFA mobilized continuously from adipose tissue to liver due to negative energy balance in late gestation [8, 12] . Higher NEFA concentration in acute phase supports this conjecture [5, 16] . Increased VLDL production in the liver is considered to be essential to the development of the disease [8, 16] [16] . Therefore, IDL observed in this report may appear due to delayed catabolism by overproduction of VLDL instead of a defection in the VLDL catabolism system [16] . [8, 18] and are thought to be attributable to systemic fatty infiltration [8] . Dysphagia in the acute phase of hyperlipemia was thought due to failure of skeletal muscles related to chewing (Fig. 1A) [6] . Decreased CE/TC in the acute phase observed in this study was similar to the previous data [16] and may be explained by hepatocyte damage or failure of the enzyme to match the rate of cholesterol esterification to that of VLDL assembly and secretion.
IGTT in ponies No.2 and No.3 was carried out to assess glucose clearance and insulin secretion. High insulin concentrations in response to glucose infusion suggested decreased insulin sensitivity in the affected ponies [8] .
IGTT was not performed on pony No. 1; however, this pony had also high insulin concentrations in the acute phase and may have had decreased insulin sensitivity. Risk factors for impaired insulin sensitivity in horses includes certain breeds (especially Shetland ponies [8, 14] ), obesity [2, [7] [8] [9] , and starvation [3, 8] . All these risk factors were present in the hyperlipemic ponies in this study. Decreased insulin sensitivity accelerates lipolysis in adipose tissue and mobilizes a large number of NEFA to the liver. Consequently in the liver VLDL is produced from NEFA in large quantities and is secreted to hepatic vessel, which accumulate in the blood and cause other complications [8, 16] . Decreased insulin sensitivity may help initiate the vicious cycle of hyperlipemia in ponies. Laminitis has been associated with decreased insulin sensitivity [2, 8, 9 13] . Fortunately, laminitis did not occur in the 3 affected ponies in this study. The lack of laminitis may have contributed to their smooth recoveries. In the treatment of hypertriglyceridemia, specific drugs such as fibrates are sometimes used. However, the drugs were thought to be inappropriate for ponies No. 2 and No. 3 with renal dysfunction because they could have rhabdomyolysis as a side effect [5] . Because the above-mentioned therapeutic regimen for hyperlipemia was successfully carried out continuously, beginning from the first stage, it may be effective for hyperlipemic ponies with complications. If diseased ponies can be treated suitably on the spot without being exposed to transportation stress by going to the hospital, the recovery might be quicker [8] . The 3 affected ponies in this study were related by birth. Maternal mare of pony No.1 had also hyperlipemia according to diseased ponies' owner (data not shown). Further work would be needed to elucidate how genetic factors are related to the occurrence of hyperlipemia in ponies.
In conclusion, hypertriglyceridemia, hyper-very lowdensity proteinemia and dysfunctions of liver and kidney were present in 3 hyperlipemic ponies. Each pony had also the evidence for decreased insulin sensitivity, which may be linked to the pathogenesis of the disease. All 3 ponies recovered after long hospitalization and extensive therapy.
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